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Summary

This stud )’ was ‘c~~igned to test the hy p o t h e s i s  t h a t :  (1) entero—
toxi genic  C. coli c h a r a ct e r i s t i ca l l y  ~-o1. ’ni ~~o n a a l i an  small i n t e s t i n e
by adhe r ing  to the ep i t he l i a l  s u r f a c r ~; i ( 2 )  t ha t  adhesion , r e f e r r e d  to
above and invo lv in .p s r r a i a s  l ack i n g  I~J~S antigen , occurs  between p i l l  on
the bac te r ia l  su r f ace  and microvill i  on vi llous absorp t ive  c e l l s  of the host.

/ , ..~
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,.- , ~
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1. Immuniza t ion  A e a i n s t  En t e r o t ox i g en i c  Escher ichia coli by Vaccinating
w i t h  Pu r i f i ed  P h i

A. Pregnan t swine (gu ts) were vaccinated parenterally with a purified
pilus p repa ra t i on  f rom  p o r c in e  c nt e r o t o~: ir e n i c  Esch e r i ch ia  coi l  s t ra in
987 (0 9 : K 1 03 : N M) .  (J i lt s  in j e c t e d  wi th  p lacebo served as cont ro ls .
Suckling p igs born to p i lt s  in both  grouP s  were challenged i n t ra ga s t r i —
cally wi th  v i r u len t  s t r a i n  987.  The pcrcentage of deaths, incidence and
dura t ion  of di a rrh c~s. , numbers  of F. coli in ileum , and F . coli a t t a c hm e n t
to villous ep i the l i u m  all  were  less in p i gs suckliug  vacc ina ted  gu ts
than in those  suckl ing  the  c o n t r o l s .  These r esu l t s  are cons i s t en t  wi th
the hypothes is  t h a t  p i l i  of sc’- .e en t c ’ro tox l gen ic  F.. coil act  as virulence
attributes by facilitating adhesion to intestinal epithelium .

This~~zork is presented in detail in the manuscript in the Body of
the repor t , 4immuriization of Suckling Pins A~ainst Enterotoxigenic - -

Eschericli-i coli In tL ’lon hv U~cci rati r~ b ins wj.th Purified
which has been subm itted for publication in Infection and Immunity.

B. The data prescntcd here demonatrate that vaccination of pregnant
gUts with purified p ill provides passive protection of their suckling
pigs agains t  d i ar r b o s l  d i~ ca,~.o caused by an ETEC s t ra in  possessing the
homologous p ilos. Pigs  born  to  g u t s  th a t  had been vaccinated with K99
had a lower incidence of ~~~~~~ decreased  incidence and d u r a t i o n  of
d iar rhea , and bctt~ r wei~~ui rain than p i~~ b ern  to 987P or control
vaccina ted g f l ts  ‘~,h e n  c n - l I l L r , i i  with the K99 s t ra in  431. S imi la r ly ,
pigs born to  9S7° v a c c in a t e d  ~ i lt ~~~;-;( en inlienned with  e i ther  s t ra ins
987 or 74— 420 3 had lo~ L r  incidences of d e a t h  a~ d equal or lower in—
cidences and d u r a ti o ns  of di .crrhe-i than th e i r  K99 vacc ina t ed  coun te rpar t s .
In no i n st an c e  did a pilu~ confei eretection upon p igs chal lenged w i t h  a
totally hotc rn1a ~;ous strain. Thus , for example , vaccination with K99
did not protect against diarrheal. di~ case caused by ctrain 987.

This work in  p r e s c n : t ~d in d e ta i l  in the  manuscr ip t in the Bod y of
the r e p o r t , “ .~~u i : i z a t i on  A~~a~ t L at er o t o x i genic t s e L ~ r i c h ~ a coli  I n f e c t i o n
by V a c c i nat i o n  with Pnrfficd Fiji ,” which is in press , Proc .  13th Jo in t
Conference  on Cho le ra , E .5 .— l - ~ian Cooperat ive  Medical  Science Program ,
Atlanta , Ca., Sept. 19—21 , 1977.
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Foreword

In conducting the research described in this report , the investigators
adhered to the “Guide for Laboratory Animal Facilities and Care ,” as
promulgated by the Committee on the Guide for Laboratory Anima l , Resources ,
National Academy of Sciences — National Research Council. 
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ABSTRACT

Pregnan t swine (gu ts) were vaccinated parentera lly with a purified

pilus preparatio n from porcine enterotoxigenic Escherichia coli strain

987 (09:K103:NM). Gu ts injected with placebo served as controls.

Suckling pigs born to gu ts in both groups were challeng ed intragastri—

cally with virulent strain 987. The percentage of deaths , incidence and

duration of diarrhea , numbers of E. coli in ileum , and E. coli attachmen t

to villous epithelium all were less in pig s suckling vaccinated gu ts

than in those suckling the controls . These results are consistent with

the hypothesis that pili of some enterotoxigenic E. coli act as virulence

attributes by facilitating adhesion to intestina l epithelium . 
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MATERIAL S AND METHODS

Swine. Seventeen gUts were bred when 7.5 months old. These and

their offspring were the experimental animals.

E. coli strain S Strain 987 (09:K103:NM) was isolated from the small

intestine of a baby pig with enteric colibacillosis. This strain produces

heat stable but not heat labile enterotoxin, is piliated , colonizes

porcine ileum with adhesion to villous epithelium , and causes profuse

diarrhea in newborn pigs (5,7,11,12).

Preparation of the vaccine and immunization. The preparation of

purified pilus material from strain 987 will be reported separately (3) and

basically was a modification of the procedure of Brinton (2). The

purified pilus material was administered in phenolized (0.5%) saline.

The placebo consisted of phenolized saline only. The gu ts weighed 122—

160 kg during the last trimester of pregnancy when 9 were injected with

the pilus vaccine (vaccinated group) and 8 were injected with the

placebo (control group). The vac.. m e  contained 5 mg of protein in 10

ml of saline and was inoculated subcutaneously in the flank 21—27 and

again 7—13 days before parturition except for the first two gu ts ,

which received 8 mg of pilus protein at the first injection. The pilus

vaccine and the placebo were coded so that people vaccinating the gilts

and making clinical and laboratory observation on the pigs did not

know which material contained the pili.

r w
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Blood samples were taken from all gilts immediately before each

vaccination and immediately before farrowing. During parturition, the

gu ts were given 2 tJ.S.P. units of Oxytocin (P.0.P., Armour—Baldwin

Laboratories) intramuscularly, and 100—200 ml of colostrum was manually

drawn from each gilt. Casein was precipitated from colostral samples

with the addition of rerUn and calcium chloride in a concentration

sufficient to create a f irm clot at 42 C. Colostral whey and serum

samples were filtered through 0.22 ~Jzn Millipore filter and stored at

—b c.

Challenge. At birth, pigs were separated from the gilts for 2—6 h,

until all were born. They were then weighed and returned to the gu ts

for 30 min and allowed to suckle. After this initial colostrum intake,

each pig was inoculated intragastrically with strain 987. The stock

inoculum was kept frozen at —70 C, in 10% glycerol and contained 5.4 x io
8

viable bacteria per ml. Immed iately before the inoculation of each

litter, one vial containing 1 ml of the frozen inocula was thawed out

and 0.25 ml of it was diluted in 15 ml of cold trypticase soy broth

(TSB) . One ml of this TSB dilution , containing about 9 x 106 viable

bacteria, was added to an additional 10 nil of cold TSB and inoculated

into each pig intragastrically via stomach tube. This dose was chosen

because preliminary experiments indicated it was an approximate LD~~).

___ j
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Observations on p igs. Pi gs were weighed ind ividually ,  and their

clinical status was recorded at challenge, at 16 h post challenge and

again at 2, 3, 4, 5, and 6 days post challenge. One pig from each

litter was selected (the one that had lost the most or gained the least

weight) 16 h post challenge and killed. A 10 cm segment of ileum was

removed , and the viable number and degree of adhesion (association

index) of strain 987 were determined as described earlier (11) except

that efforts were made to determine the association index ev en of those

segments with < io
8 E. coli. All pigs that died during- the experiment

were examined postmortem and only those with gross lesions compatible

with enteric colibacillosis (9) were included in the results. Two pigs

died of disease other than colibacillosis: one from a vaccinated gilt

(died of starvation); the other from a nonvaccinated gilt (died of

bleeding from the cord). Neither of these pigs had diarrhea.

Preparation of anti 987—pilus serum. This was described in detail

earlier (12). Briefly, antisera against the piliated form of strain

987 were produced as described by Edwards and Ewing (6) for O:K antisera.

Antibodies against 0 and K antigens were removed from the sera by absorption

with a noncapsulated , nonpiliated and a capsulated , nonpiliated mutant

of strain 987. The resulting antisera did not agglutinate the large,

opaque colonies of strain 987 grown on 5% sheep blood agar plates; which

were found by electron microscopy to be poorly piliated or nonpiliated .

However , the antisera did agglutinate the small, transparent colonies

which were found by electron microscopy to be richly piliated (P~~). 
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RE SULT S

Intestinal colonization, adhesion of bacteria to intestinal vill~ ,

death, and diarrhea all were significantly less, whereas weight gain was

significantly more in the p igs from vaccinated gilts than in the pigs

from the nonvaccinated gilts (control) (Table 1).

Intestinal colonization. There were significantly fewer viable

bacteria of strain 987 per 10 cm of ileuni of p igs from the immunized

group (106_l09) than from the noniminunized group (106_lo
ll). Also

small , translucent, r ichly piliated (P~~ ) colonies of strain 987 ,

agglutinable in the anti—p ilus serum (12), were present in a high

proportion (38—99% of the total) of the population recovered from the

ileum of 3 pigs tested from the control group . In contrast , no such P~~

colonies were found in ileal isolates from the 3 pigs of the vaccine

group so tested.

Association index. This index was used to express the degree of

adhesion of the challenge strain to the ileal epithelium . In fluorescent

antibody stained ileal sections from pigs in the vaccine group , the

challenge bacteria were either too few to identify or were predominantly

in the luminal area without any tendency to adhere to the intestinal

epithelium (Fig. 1). Thus, all pigs of this group had low association

indices (Table 1).

In contrast, 4 out of 8 pigs from the control group had high

association indices; that is, adherent bacteria of strain 987 covered

~

- ~~~~~~~~~ - - -,- .~~~• - - - ~~~~~.- -~~~~ —.---
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the intestinal villi  as a layer (Fig . 2 , Table 1). The difference in

assoc iation indices between the two groups was significant (P < .05).

Death losses. None of the pigs in the vaccine group died of enteric

colibacillosis, but 30% of the pigs in the control group died of

colibacillosis during the first 6 days of life. Most deaths occurred on

the 2nd or 3rd day.

Diarrhea. Sixteen hours post challenge, 56% of the pigs from the

vaccine group had diarrhea, whereas 72% of the pigs from the control

group had diarrhea (Fig. 3). From that time, the number of pigs with

diarrhea sharply decreased in the vaccine group and all these pigs were

normal by 5 days post challenge. In contrast, the number of pigs in

the control group with diarrhea decreased only after the 3rd post

chal~’inge day and 28% of the surviving pigs still had diarrhea by day 6

(Table 1, rig . 3). The most striking difference between vaccine and

control groups developed at the 3rd day post challenge.

Weight gain. The mean growth rate to 6 days of the litters from

the vaccine group was 6.7 g/h but was significantly less (P < .05), 3.6

g/h, for those in the control group which survived to 6 days.

Litter related resistance. There was significant (P < .005) litter

to litter variation in death loss within the control group (Table 1).

Four out of 8 litters (dams 3, 7, 14 and 17) lost a total of one pig only ,

but the other four litters lost 16 pigs. At 16 h post exposure, pigs from

dams 3, 7, 14 and 17 also had lower numbers of E. coli in their ilea and

lower association indices than pigs from the other litters in the control

group (Table 1).

_ _
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DISCUSSION

The differences between the vaccine and control groups in

incidence of death and diarrhea, as well as in weight gain, indicate

that vaccination of gilts with purified pilus, of E. coli 987,

provided passive protection for their pigs against the challenge with

the parent strain. The comparatively lower association indices and

viable numbers of E. coli in ilea of pigs from the vaccine group

demonstrate that strain 987 did not attach and attain large numbers in

the small intestine of the protected pigs. One plausible explanation

for the latter is that the protection was due to anti pilus, anti adhesive

antibodies. Because pigs do not acquire passive immunity in utero, these

anti pilus antibodies were probably transmitted to the pigs via

colostrum of the vaccinated gilts. The high proportion of P~~ (small,

piliated) colonies in the ileal isolates of control pigs in contrast

to those from the vaccine pigs is also consistent with the above explanation.

________ A
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The litters of some control gilts were also relatively resistant

to strain 987. This resistance could be the consequence of naturally

acquired antibodies against this strain (4) or some other form of

resistance to colonization (15).

The data are consistent with the hypothesis that pili of strain 987

act as virulence factors by facilitating adhesion to intestinal

epithelium. Rutter and Jones (13,14) demonstrated that gilts vaccinated

with K88 pili also protect their suckling pigs against challenge with

K88+ enterotoxigenic E. coli. Our data provide a second example for

protection of pigs against enteric enterotoxigenic E. coli infection by

vaccinating their dams with homologous purified p u .  Vaccination of

dams with pili appears to be a useful method for preventing diarrheal

disease caused by enterotoxigenic E. coli in suckling neonates.

r

_ _ _ _ _ _ _ _  _ _ _ _ _ _  —-~~ . .
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I

FIG. I. Ileum of a pig from a vaccinated gilt. Large mass of E. co il
987 in the lumen , 16 h after challenge. Fluorescent antibody stained
frozen section, association index 1.7. X 27.
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FIG. 2. h eal section of a pig from a control gilt. The E. coli adhere
to and uniforml y cover the villi , 16 h af ter  challenge. Fluorescent
antibody stained frozen section, association index, 5.0. X 27.
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FIG. 3. Percentage of pigs with diarrhea born to and suckled by vac-
cinated gu ts compared to those of nonvaccinated gu ts during the first
6 days of life.
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IZ~WNIZAT I~~ ACAL~ST E~TEP.oToxIc~~:Ic :‘~c~!ERTc-:tA CCLI
INFECTION hY VACC 1NA TiO~ WIT ~t PL’~&l~ lZD PILl

R. E. Isaacson , R. L. ~organ , H. W . ioon, C. C. Brinton
National Ani=al Disease C&~ter, USDA , AP.S, Ares, low-i

and The University of Pittsburgh , Pittsburgh, Pennsy lvania

- Introduction

Bacterial pill are elongated , nonflagel la  appendages  r ad i a t i’2
outward f ron  the ba~ teria1 cell enve1o~e. The role(s) that the p ili of
Eschcrichia coli piiv in virulence has becone the  s u b j e c t  of cons ide rab le
research. Var ious lines of evidence have indicated that sc~ e pili on
enterotoxigenic :. c ol i  (~~TEC) st r a i n s  act as colonization f a c t o r s
facilitating a.~hesion to intestinal ~uccsa. For exaciole , Siith and
Linggood (11) shcwed t ha t  KSS , a plac~ id nediated 2ji~~ (9,13), con-
ferred upon so~~ E. coli strains an abilit :.’ to colonizo the porc ine snc , 1
intestine. Later , Jones r.d Rutter (3) showed that K33 acted as a
colonization ~.actor by pe~ citting ~~cteria which possess it to adhere to
porcine snail intestinal nucosa. Two other pili of sone porcine ~~~~~
strains appear to function in the ~na!l intestines of pigs in a ~~~:~n~~r

analagous to K~ 3. These are the K99 pilus (3,6) whIch is ~ Lso ger~et ica11’:
determined by a plas~ id (12), and the 937 pilus (987?) (~#) of  un~~~cvn
genetic orig in. Another pilus called type 1 (1) possessed by a hunan
ETEC strain Hl0407, may also function as a colonization and adhesive
factor (2).

It is reasonable to expect that prevention of intestina l coloniza-
tion will prevent E.  coli  induced d i a r rh ea i  disease. There fore , i~-~~u n i —
zation with  p u r i fi ed  c o l o n i z a t i o n  ?L ~~

i should p r e v e nt  coloni :~~:ion
inhibiting adhesion and s u b s - 2 Su c n t Lv  prevent ing  d i arrhca l  d i s :~~sc. This
approach has been s~ cces5fully applied to experirnenta iy indu ~~~d d r :h~~-i I
disease produced by K~3+ (10) and 987P+ (~ agy et al.  in preparat~cn) ~~~:L.

The objectives of the work reported here were: (a) to d et ern i ne
whether vaccination ~;ith K99 ?ili protects oics agaInst infection ‘c”
a 1(99+ ETEC , (b)  to ccnfir our initial £ind ic,~ tha t ~~ 7? vaccination

protects agains t in~ecti..,ri b: strain 957 and to ~‘~~~nd this obs..rv~~:i-: --
~

to see whether procect~ an is c:n~erred against another 9S7?± C
is otherwise serc1o~~ical 1y unralated to 987, and (c) to dc te r~ in~ if
vaccination w i th  hetero1o2~ us p ili  wi l l  p ro tec t  ogainst i nf ec t i o n  s.;.,
vaccination with K 99 p ili pro tec t ing  against inf .act ion by a 9S7P+ E T E C ) .

______________________  .
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‘ Materials and Methods

E. co l t  s t r a i n s  an~ c h . l l e n ~ e inocula , The th ree E .  c
used were 4fl. ::~~~~~ . : . ‘ : : ~~~ ) ,  ~-~7 ~- a : ~~i O 3 ; 9 3 7 P :~~~) ,  and 7.~— f2C-~
(O3O:K1 O 1;9 7~~:~~~) . S: ra ins 957 and 7~ —52C’3 , wh ich bo r ~ undcr~ o ~~~~~
variations of p : li a t i- a , ~-~ rc p lated cn:o blood r pla:os :±~ d p i~~~a t ~~d
clones sefic :ed as pr c - : -~o ’is 1:  d e sc r i b ed  (3) .  Ch ~~l 1cn;e j n ocula  w e r e
prepared b y i:.cculat’:c. of f~~~~ks of tr~ pticase soy b r o t h  (TS3) ~~:h
overnight c u l t ur e s  of  ~ 3l or p i l i a t c d  937 ‘c~ wn in t u 5 e s  of TSb w i : h o~~:
shaking at 37~

) 
C of for 73— 52f~3 d~~r~~c : lv  f r on  a p i l i c :ed  t ’.’ne co1c’~ ’- .

Flasks were incubat~id 1- 3 — 2 0  :sours at 37 C w i t h o u t  s h a k ir ~~. 3 act e ria l
• cells were collected b : centrif : at~ on at 7 , 000 xc f o r  10 nm and ro—

suspended in fre~ n :~5 c o t ~~ ci~ ; 2~~~ ster ile ;lyc€r ~~ to the foll~~~i~.;
Co15entrations ( 9 3 7  = 2.5 x lC Jnl , 74—5203 = 5 x lO~ m i , 431 = 5 x
10 /ml) and aliquots stored at ~~0

O c.

Vaccines . 1(99 was prepar ed  as previo usly descr ibed (3) fron a
oratory ~~ . c-ali K12 s:r~~in harbor ing the ~99 p l a o n i ±  cr ~~-c i na i ’;
coil strain ~‘.1. Th e p ili of strain 957 w- re pr~~~:r~ d fro:, a pi1:at~~:
phase variant of s t r a i n  95 7  by a n o d i f i ca t i on  of t h e  nc:~cod of
(in preparat ion). ~oth ~ 1li were snou’n to be hcno :onous by rcut:ne
phys ico—chen ica l  n et h a ds  (3 , E r i n t ~~n et  al , in pr c~~ir~ tion). ?urffici
pili were ad ,~u s t o d  to 3.9 n~ i’ l  in s a l i ne  (0.15 ~~. ~aC1) and dia1’::~ -d
aga ins t sa l ine  c o n t a i n i ng  0.05~ forr~a .deh de. ~ en ni al i c uc t s  of e a c h
pilus preparation were stored at ~ C until uscd fo r  vaccina:~ -cn. ATho
included in the vaccinc  b a t t er y  was a con t rol v a c c i n e  c a n s i s t i n o  of ) .
formaldehy de in sa l ine .  ?r e c n a r i t swine (g i lt s )  cc a b t a i n c d  an~~r :- :i—
mately ~ wce~s pr io r  to  far r c ’.:in~~. Each gif i  was ‘.‘acc:nato~ tw: oe sub-
cutaneously in. the neck with 13 n . of the  sane vaccIne , with the f i r s :
dose given 16—29 days and the  second dose given 5—17 days , p r i or  to
farrowing .

S 

Experinenta l inf-cctier ,s and the c ser’:aticns. At b i r t h , p igs were

separated f r n  the da.’a un t~~i a~~. were aor n .  They were wei~ hed and r- —
turned to the dan fo r  30 n m  ( f o r  p ig s  to be c h af l e n c - o d  with strain
74—5208) or 6—15 hours (far rigs to be challenced ~ich 937 or 431) or,d
allowed to su ck l e .  The ~ i gs were  then ch a i l o n ed i n tr a g as : r  o a . l~ wit h
20 ml of fresh T53 con ta in in :  0 . 2  nI of the appropri te chalThn~~e
inoculun. Ch a1 e n:~ d r igs r~~ air.ed w i t h  t h e ir  dons and w er e  ob s er v o d
daily for 5 d a : s.  D a ta  c o n c e r a m - .~ diar :h~ o ~nd death  u-o s r e c or d e d .
In addition to  t hese  d a t a , on th e  f i r s t  day ( 15—29 hours  pos t  ch a l l a n :e ) ,
the most severel y affected :1-; in each l i t t e r  ( I . e . ,  the  ~ig that lost
the most wel:ht or wher. no wc:;hc loss accurrect , the p ig which  gain ed  the
least weig ht) was s a c ri f i c e d  and a 10 en p or t i o n  of ileun was removed  13—
20 cm fron the i lcocecal  junction to deternine the nunber of viable
challenge organisns at  this locale. A 1 cm portio n of ileun ad jacen t  to

. -
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the above portion was also r~ noved , enb edded in u~eth y 1ce11ulose and used
to deternine the de,;rce of boct~’ri:i1 ad he s i on  to h eal nucosa a
fluoresc~-nt  an t i b o d ;  st51:nin~ cechnicue (7). Adhecion (associari:n index )
was based on a 1 tc~ 5 scal e deoend ’in-z upon the in t e n s i ty  and l oca t i on  o:’
staining w i t h  1 i n dic a ting  no a dh e s i o n  and 5 ind icaLin; c~~xima1 a d h e s i o n .

- - Results

For the purpose of discussion, the te rm hornolo goos vaccine wil l  be
used to indl.ate the vacc ine  w h i ch  con t a in s  the  sate p ilus as the  eri e
possessed b y the  cha l l - ang e  o r g o n i s c  and h ec e ro logous  vacc ine w i l l  r e f e r
to the pilus vaccine which contains a dfiferent pilus than the
challenge o rg o n i e n .  Sa l i n e  p lus f o rn a l d e h yde vaccine wi l l  h e r e a f t e r  be
referred to as control.

E. coli 431 (~~99+) cha 11ence .~ Data  concern ing  i n t e s tin a l  c o l on i n a—
tion , adhes ion  of b a c te r i a  to  i n t e s t i n a l  nucosa , d ea th , and we i - ~t gain
for pigs f r on  a l l  t h r e e  vaccin e groups chal lenged wi th  s t r a in  431 are
su~~arized in Table 1.

t o ne of the 41 p igs  in th e honologous vaccine (1(99) grouo that were
challenged with 431 di~~d .  In c o n t r a s t , 3C~ of the p igs in the  h e t e r o l o—
gous vaccine group  died and 4O~ of the  p igs in the  con t ro l  g r o u p  d i e d .
The prevalence of diarrhea anon;st p 1d~ 

of the three vacc:ne gr ouns  is
shown in F i g u r e  1. On day 1, fewer  p igs in the hono locous vaccin ’: ; rcup
had diarrhea than  t ho s e  of the  o the r  two gr o ur s .  

~:‘ day 4, none of
these p igs had d i a r r h e a , w h i l e  ar p r o x i n ot e iw  45 % of the surviving rigs
in the c o n t ro l  or o u n  an d  arp r cx i n at e l : :  S3~ of the sur,ivia: p ios in the
heterologous v a c c i n e  or our  st i l l  had d i a r r h e a .  In the h ct c ro l o :c ’~~
vaccine group i t  took u n t i l  day 4 t i l l  a decrease in d I a r rh e a  oc c u r re d .

The prolor.ged diarrhea in the heterolcacus vaccine and control
groups is also r e f le c t e d  in the  we igh t  ga in  of surviv ing ~ i~~S (Table  I)
There were s ta t i s t i ca L l y f ew e r  (P  < .01) v iable  ~31 b a c t e r i a  in the  i l ea
of pigs in the hcnologous vaccine group than in the heterol-c:cus vaccine
or control ;r cur s .  :~ow~aver , al l  p i o s  sanried in all  t h r e e  vacc ine
groups wer e~ by our opera tional definition consIde re d to be c o l o n ’,z~~d
(i.e., > 10° ch al l en:e  or~~an i s n s  re: lO on of i n t e s t i n e )  . The degree ~f
adhesion of the  ch a l , e r i g e  s t r a in  to ileal - nucosa  u-as d e t - o r n i n e d ~~~-’
fluorescer .t—an:ibcuies to s t a in  h ea l sect ions . Sections :rcc p- i ce :r:n
all three vaccine ercups we r e  in d i st i n gu i s h a b L e  f ro n  each other wi t i  th~
mean association ind ices  be tween 4 and 5 indicating good adhesion in
cases. Therefore , even though  the hcnologcus ‘raccine , K99 , proteo tod
against death and diarrhea after challenge with stra in 431, it dId n at

‘I
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GAYS P~~T-Ci4ALLENGE

Figure 1. Prevalence of diarrhea aziong p igs challenged with E. goli

• strain 431 as described in Materials and Methods. Each point represents
the percent of surviving p Igs with diar rhea in an entire vaccine group
on the day of measurenenc.

prevent colonizat ion and adhesion to the tern ina l ileun by this  str ain
one day after challenge. Since this was art unex~ ected result , the
following experinents were perforned. Two K99 vaccine lItters and one
987P vaccine litter were challenged with 431 as usual. On a daily basis
for 5 days , one pig per litter was sacrificed (the p ig selected was the
most severely affected based on weight chang e) . Fiv e 10 cn portions of
small intest ines were renoved at equal intervals starting at the usua L
ileal location and nou-ing cranialiw until 20 on ~os te r io r  to t h e  li:anen:
of Treitz .  These  seonents  were eva lua ted  fo r  v i able  cha l lenge  b a c t e ri a
and adhesion;  bo th  i n dic a t o r s  of colcniza:ion. Pigs in the hcnolo:ous
vaccine group were colonized for fewer days than rice in the heterclo:~~;s
vaccine group ( 2 days ccn?ared to — 5 days) and colonization was less
extensive (only the pcsterior 2 segnents of p igs in the honologous
vaccine group were colonized on day 1, while the posterior 3 se;nents in
the heterologous vaccine group were colonized on day 1).

E. coil 9E7 and 7~+—522S cb •allenccs Previously , we de onstrated

that vaccinati~ ci of pr e -onan c cu ts with purified 987 nih protec ted nirs
against experther•tally i nduc e d  d~ arr nea1 dise2se causod by strain 9S7
(Nagy et al. in preparation) - This experinenc has beCrt repeated and
extended to see whether vaccination with 937? protects agains t disease
produced by a serolog ically unrelated strain 74—5203 (except for p ili)

• - possessing the 937 p ilus. Evaluation of these experinents will be
limited to data concerning death and diarrhea.

• r

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _
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i. E. coil 987 c1’ailen-;e. None of ?S pIgs in the hono1c-~ ous
vaccine group (~ 37p) c l i - -n ~~d -~ith str~•~n •~ 7 ch•~i , :hile l7~ of the
pigs in th - heter~ lo:cu~~~wi ccire zrou~ ar.d ~f the nigs in the
control group- d i~ J . ::i~ ure 2 ‘~hods the :•- •~~er •c~€- of diarrhea o n cn g
pigs cha11-on •- -~-J w i t h  9~~7. On d~ v 1, a~ p-~ -• - :e1: 1S1 of the pi gs in
the honologous v~icci::e -oroup had diarrhe.. • -

~nared to 84 and 9O’~ of the
pigs in the other two gr~’-~~s. day 3, ::c: e ~ f th2 p igs in the honolo—
gous vaccine ;rou? h:~d dio~~r~ ea , while 5~ a~•d ~~ of the surviving p igs
in the other two groups still had diarrhci .

• ; c _ .
~ I tS%%,
0 

J—
- I 2 3 4 -

DAYS P0ST-CHALI?~-~~

• Figure 2. Prevalence of diarrhea ~nonc’ ~~~
- 

~hellenged with E.
coli strain 987. Conditions are the sane as ~u Figure 1.

:~ 
- 

• 

_ _ _ _ _ _

10 -

- 0 I I
I 2 3 4 -

- - DAYS POST-CH.~LLErs -

Figure 3. Prevalence of diarrhea a~ons p i;~ challenged with E .  coli
• 

- strain 74—5208. Conditions are the same as in Figure 1.
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ii. - E. coil 74—5208 challcnge. Thy -‘ercent of (1 of 37) p igs in
- the hornologous vaccine -group (9S7P) died ~:t~: ch a llenge wi th s tr d in
74— 5208. However , lS~ of the p igs in the he tc~ olc- c~ous vac cine gro up
and l5~ of the  p igs in the  cont ro l  group d i ed . The prevalence of
diarrhea anor .~ p igs  ( F i g u r e  3) are si nil ar  to :h~~: observed with 987
challenge (Fi gur e 2) except that  on day 1 - 1 pigs in the three vaccin e
groups had diarrhea .

Discussion

The data presen ted here denons tra te -±-~~~~~ vac ci -a at ion of pr eg na n t
gu ts with purified p i ll  p rovides passive :‘~ 

;tectio ’ • of their  suckling
pigs agains L d ia rrh e al  d isease  caused b y o:i :i2C ~.t~ain possess ing the
homologous p i l u s .  P igs  born  to gu ts t h a t  ~ -~J beeI~ vaccinated with ~~ 9
had a lower inc idenc e of death , d ecreased t u ~~~ and du rat ion of
diarrhea, and b ett er  weig ht  gain than p ig~ - 

- ~~ 987? or cont ro l
vaccinated gu ts when challenged with the ~~~ V ~~~~in 431. Sinilarly,
pigs born to 987? vacc ina ted  o i l ts  when c~ e1 .- -- ~d w i t h  e i ther  s t r a ins
987 or 74—4203 had lower incider.ces of dca:u ai.~ ~qual or lower in—
cidences and durations of diarrhea than the~: •accinated count erparts .
In no ins tanc e d id a p ilus confer pratect :c~r. upc~ ~igs challenged with a
totally heterolo;ous strain . Thus , for e~•c ~~nh c ~, :aec inat ion wi th  K?9

•did not pro tec t  a~ a ins c d i -ar rhea l disease ~~~~~~ - . strain 987.

The mechanis i whereby protection occuro r~ nn~~- he readily ascertained
- from the data presented. ~iowever , since the vacc Ling agents used were
purified p ili , it is assuned that i=unity ~.: es p igs from the
acquisition of anti—p ilus frnunoglob u lins ~~:ng~ st- •d colostrun. The
correlation of protection with hig h ant~ bc c : tar’ a;~~ins t honoio ;ous
pill (and not with those agains t heterolc:~~o~ r- il~ , -3 , and po l-. a c o h ~~r i d e
K antigens) in serum and colostrun of vaccinated cans (unpublished daze)
is consistent w i t h  th is  assunp t ion . Once In :h~ nail in tcs t~ ne , :hL:e
antibodies could  ac t  in a v a r i e t y  of way s .  The h an -L sn t h a t  w e
and which is nest consistent with the hypct-~~si. action of p ill ia
that the antibodies prevent bacterial colcn ’ z_ at : -• by inhibiting a n i - o r
reversing bacterial adhesion. It is possib~ -o t~ the antibodies
also act by agg lut inat ing or opsor.izir.g the cha ~n;c bacteria . These
mechanisms should not be considered as nutu il~~. exclusive. The ~os~~i-
bility tha t  the  p u r i f i e d  p i L ~~s p r en a r a t i a n c  ~~we con ta ined  cone
undetected in_nunizin ; anti gen(s) which acoc ~~ . r  the p r o te c t i on  is
recognized. Hc-waver , th is is unlikely becau~~

_ 
~accination with either

plius p r e p a r a t i o n  p r o te c t e d  a g a in s t  c h al l e n -  ~ - :th strains whic (except
for pill) were an t igen ical ly  unre la ted  to th~ o rains used for vaccine
production.

The da ta p r esen ted comp liments the stuL~~:r f Rut t er and Jone s
(10) who showed that gu ts vaccinated with }~8~’ ~iSO protect their

L _ _ _ _ _  - - - --~~~~
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suckling pigs asainst dIarrhea caused by K33+ ETEC, and the studies of
Brinton (in preparation) who showed that human volunteers vaccinated
with 1sser~ a :cncrreocaa p ill wer e  protected agains t intraurethrai
infect ion with t•~e -anala~ au~ stra in of gonococci. ~~~~~ suggest that
many o t h e r  b a c t e r i a l  in fe c t i o n s  of mucosal tissues may be controllable
with the use of pilus vaccines.
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